Introduction
Suspended-sediment concentrations (SSCs) were first recorded in the Mississippi River Basin in 1804 along the Missouri River by William Clark during the Lewis and Clark Expedition (Moulton, 1986; Blevins, 2006) , and in 1838 near the mouth of the Mississippi River by Andrew Talcott (U.S. Army Corp of Engineers, 1930; Keown and others, 1981) . Monitoring of sediment transport within the Mississippi River Basin has continued through the present day (2011), which has led to an increasingly better understanding of its role and importance in the geomorphic and ecological integrity of the river channels and riparian resources throughout the basin.
Present-day suspended-sediment loads (SSLs) of the Mississippi River delivered to the Gulf of Mexico are about onehalf of the pre-1950s loads (Tuttle and Comb, 1981; Keown and others, 1986; Meade and Parker, 1985; Meade, 1995) . This reduced Mississippi River sediment transport has been attributed to impoundments, implementation of soil conservation practices, and bank-stabilization efforts that have reduced contributions from the Missouri River Basin (Keown and others, 1981; Tuttle and Combe, 1981; Kesel, 1988; Meade and Moody, 2010) , but other possible causes of the reductions include numerous engineering structures and channel modifications in the Mississippi River (Keown and others, 1981; Keown and others, 1986; Smith and Winkley, 1996; Biedenharn and others, 2000) .
Substantial State and Federal funds have been spent to address multiple concerns resulting from the reduced SSLs in the Missouri and Mississippi River Basins, yet funds also are spent to reduce soil erosion and limit contributions of sediment to the Missouri and Mississippi Rivers. Reductions in SSLs in the Missouri River have lead to bed degradation in long reaches of the lower part of the river, which, in turn, has had large economic effects owing from the necessary alterations of river structures, increased pumping costs for water requirements, and modifications to aggregate mining operations (United States Army Corp of Engineers, 2009a) along with adverse effects on aquatic and riparian habitat (U.S. Fish and Wildlife, 2003) . Reduced sediment transport from the Mississippi River Basin is cited as a factor in the loss of coastal wetlands in Louisiana (Kesel, 1988 (Kesel, , 1989 van Heerden and DeRouen, 1997 November 2010, http://www. mvp.usace.army.mil/environment/default.asp?pageid=74) . At the same time, sediment transport is closely associated with nutrient transport and the reduction of nutrient transport in the Mississippi River Basin to mitigate hypoxia (dissolved oxygen reductions) in the northern Gulf of Mexico is an objective of current State and Federal programs, including the Mississippi River Basin Healthy Watersheds Initiative (National Resources Conservation Service, Mississippi River Basin Healthy Watersheds Initiative, accessed November 12, 2010, http://www. nrcs.usda.gov/wps/portal/nrcs/detailfull/national/programs/ farmbill/initiatives/?&cid=nrcsdev11_024120) . Quantifying sediment and nutrient transport is a means of assessing the effectiveness of erosion control and conservation practices at multiple scales. Therefore, information on the spatial and temporal variability in the quantity of sediment transport at locations throughout the Mississippi River Basin is necessary to assess the feasibility of management alternatives of multiple local, State, and Federal interests.
Concerns related to sediment transport in the Mississippi River Basin and the need for an assessment of that transport prompted a study, as described in this report, of the changes in SSLs and SSCs at selected stations throughout the Mississippi River Basin and analyses of the relative contributions of sediment from the major subbasins. The Mississippi River Basin ( fig. 1 ) is the largest river basin in the United States (U.S.) [3.21 million square kilometers (km 2 )] draining 41 percent of the conterminous United States. The Mississippi River transports more sediment than any other river in North America (Meade and others, 1990) . The river extends 3,700 km from its headwaters in northern Minnesota to the mouth at the Gulf of Mexico. The upper Mississippi River main stem (upstream from the junction of the Mississippi River with the Ohio River near Cairo, Illinois) has been substantially altered by the construction of 29 navigation locks and dams between Minneapolis, Minnesota and Saint Louis, Missouri, most of which were completed during the 1930s (O'Brien and others, 1992; Knox, 2007) . A primary tributary to the upper Mississippi River, the Illinois River/Illinois Waterway, has eight locks and dams that were constructed by 1933 between Chicago and the junction of the Illinois River with the Mississippi River at Grafton, Illinois (West Consultants Inc., 2000) .
The lower Mississippi River was modified by bank stabilization, levees, meander cutoffs, and channel constrictions between 1930 and 1955 (Smith and Winkley, 1996 . About 58 percent of the total Mississippi River Basin is regulated by hundreds of reservoirs (Tuttle and Combe, 1981) . In 1963, the U.S. Army Corps of Engineers (USACE) completed a flowcontrol structure on the lower Mississippi River that controls flows between the Mississippi River and the Atchafalaya River through the Old River Outflow Channel (Mossa, 1996) . The diversion maintains the flow in the Atchafalaya River at about 30 percent of the combined Mississippi and Red River flows. Total sediment transport from the Mississippi River Basin is, therefore, measured as the combined SSLs of the Mississippi and Atchafalaya Rivers.
Major tributaries to the lower Mississippi River include the Missouri (44.6 percent of contributing area), upper Mississippi (16.5 percent), Arkansas (15.4 percent), and Ohio (15.2 percent) Rivers (Knox, 2007) . The lower Mississippi River receives a disproportionately large influx of sediment from the Missouri River and a disproportionately large contribution of its flow from the Ohio River (Meade, 1995; Knox, 2007) .
The Missouri River Basin is the largest tributary to the Mississippi River Basin and the second largest river basin in the United States draining about one-sixth of the conterminous United States (1.37 million km 2 ). The Missouri River is 3,770 km long from its headwaters in western Montana to its mouth at Saint Louis, Missouri, which also makes it the longest river in the United States. Bank stabilization and channel modifications to the Missouri River, associated with the Bank Stabilization and Navigation Project (BSNP), began in earnest in the 1930s and continued through the 1980s (U.S. Army Corp of Engineers, 2009a). Six major impoundments that regulate the flow from 53 percent of the basin area upstream from Saint Louis, Missouri also were constructed in the upper Missouri River (upstream from Yankton, South Dakota) between the beginning of construction in 1933 and the filling of the last impoundment in 1966 (table 1) . These engineered modifications, along with land-use changes including changes in agricultural practices, and other engineered structures in the lower Mississippi River (meander cutoffs, river-training structures, bank revetments) have resulted in a reported 70 percent decline in sediment transported by the Missouri River to the Mississippi River (Meade and Moody, 2010) since the early 1950s.
The principal tributaries to the Missouri River include the Yellowstone, Platte (Nebraska), and Kansas Rivers. The Yellowstone River, the largest tributary to the Missouri in terms Figure 1 . Mississippi River Basin, major subbasins, and U.S. Geological Survey streamgaging and sediment stations included in study.
of discharge (Missouri Basin Inter-Agency Committee, 1969) , with a drainage area of 182,000 km 2 , flows through Wyoming and Montana before it joins the Missouri River in western North Dakota. The lack of reservoirs on the Yellowstone River main stem makes it one of the longest free-flowing rivers in the United States. Hundreds of small impoundments, however, have been built on major tributaries (Zelt and others, 1999) of the Yellowstone River that were constructed for water supply, recreation, energy production, and flood control purposes. The Platte River originates in Colorado and Wyoming and flows eastward through Nebraska draining 230,000 km 2 (Galat and others, 2005) . Beginning in the early 1900s, many impoundments were built on the North and South Platte Rivers for public supply and irrigation. The Kansas River Basin is about 159,000 km 2 and drains parts of Colorado, Nebraska, and Kansas. Eighteen Federal reservoirs have been constructed in the Kansas River Basin beginning in 1946, with 7 of the 18 completed by 1953. Present-day impoundments on the major tributaries of the Kansas River and regulate about 85 percent of the flow from the basin (Perry, 1994 The Ohio River is formed at the junction of the Allegheny and Monongahela Rivers at Pittsburgh, Pennsylvania, and is 1,580 km long to its mouth at the Mississippi River near Cairo, Illinois. The Ohio River Basin is the smallest of the four major lower Mississippi River contributing subbasins in terms of area, 490,000 km 2 , but the largest in terms of contributing flow volume (Knox, 2007) . A concrete lock and dam system for navigation has been in place on the Ohio River since the 1950s (Meade, 2004), and currently (2010) there are 21 locks and dams. Eighty-three reservoirs, about 95 major local floodprotection projects, and numerous small flood-control projects have been built on tributaries in the basin. Construction of the reservoirs and flood-control projects began in the late 1930s and most were completed by the 1950s (U.S. Army Corp of Engineers, 2009b) .
The Tennessee River is the largest tributary of the Ohio River with a basin area of 106,000 km 2 (White and others, 2005) . The river is regulated by numerous impoundments including nine main-stem dams operated by the Tennessee Valley Authority that were completed between 1913 and 1967, although most were completed by the mid-1940s.
The Wabash River is the second largest tributary to the Ohio River (85,340 km 2 ), and whereas the upper 103 km has been regulated by a Corps of Engineers reservoir since 1968, the lower 661 km is the longest stretch of free-flowing river east of the Mississippi River (Karns and others, 2006) . Despite the free-flowing status of the lower Wabash River main stem, Pyron and Neumann (2008) note that the hydrology of the river has been substantially altered by the construction of reservoirs and by land-cover changes within the basin during the past century.
Assessments of changes in water-quality constituents over time are a primary goal of the U.S. Geological Survey's (USGS) National Water-Quality Assessment (NAWQA) program (Gilliom and others, 2001) . Previous studies have documented analyses of suspended-sediment trends in the Missouri (Sprague and others, 2006) , upper Mississippi and Ohio (Lorenz and others, 2009) , Tennessee (Hoos and others, 2000) and lower Mississippi and Atchafalaya Rivers (Rebich and Demcheck, 2007) for various periods between 1974 periods between and 2004 periods between . Horowitz (2010 also examined trends in SSLs and flow-weighted (FW) SSCs at selected USGS streamgaging stations in the Mississippi River Basin for the 1981-2007 period.
The primary objective of the study described here, and the purpose of this report is to augment existing information by computing the relative sediment contributions from Mississippi River subbasins and determine temporal trends in streamflow, suspended sediment loads and concentrations at multiple Mississippi River main-stem and tributary stations, and for multiple time scales. The sediment contributions and trends in sediment contributions from subbasins could then be used to determine which tributaries, subbasins, or regions affect recent suspended-sediment trends near the mouth of the Mississippi River and in large receiving rivers such as the Missouri.
Study Methods

Station Selection
Station selection began with an assessment of published SSLs or SSCs and daily streamflow data at USGS streamgaging stations within the major subbasins of the Mississippi River Basin. The USGS National Water Information System (NWIS) database (http://waterdata.usgs.gov/nwis) was searched for main-stem and primary tributary stream stations with a drainage area of at least 2,500 km 2 and for which daily sediment loads or discrete sediment concentrations and concurrent daily streamflow record of at least 10 years were available. Further selection criteria for those stations with sediment loads that were not already determined included selecting stations with SSC and suspended-sand concentration (SSDC) samples distributed throughout the water year (Oct. 1 to Sept. 30) and over the range of observed streamflows. At a minimum, the most downstream station with adequate suspended-sediment record from each major subbasin of the Mississippi River Basin ( fig. 1 ) was selected for trend analyses.
Impoundments on the upper main stem of the Missouri River have had a substantial effect on sediment transport in the lower Missouri and Mississippi River downstream from Saint Louis, Missouri. To conduct step-trend analyses to assess changes in sediment transport in main-stem and tributary stations between pre-and post-impoundment periods, available stations with continuous or non-continuous sediment record spanning both periods were selected for analysis. As in previous studies (Keown and others, 1986; Jacobson and others, 2009 ) the pre-impoundment period in this study was defined as pre-1953-before the closure of the downstream Fort Randall Dam. The post-impoundment period was defined as post-1967-after the last completed reservoir, Lake Sharpe (impounded by Big Bend Dam), was filled.
Final station selection and trend analysis periods were determined by maximizing the number of stations within multiple, selected analysis periods based on record availability. Stations were selected from the Missouri, upper Mississippi, Ohio, Arkansas, lower Mississippi, and Atchafalaya River Basins as shown in figure 1 and table 2 for trend analysis periods encompassing the last 60 years , the last 34 years , and the last 12 years (1998-2009) of available record. The multiple time periods used in trend analysis also provide a long-term context within which to view the more recent changes in streamflows and in the concentrations and loads of suspended sediment.
Determination of Annual Suspended-Sediment Loads
Annual SSLs and SSDLs described in this report refer to the suspended portion of transported sediment, and, therefore, do not include bedload. Bedload in large, low gradient rivers has been estimated to range from less than 5 percent (Holmes, 1996; Nittrouer and others, 2008) to 8 percent (Gaeuman and Jacobson, 2007) of the total sediment load.
The data for annual SSLs and suspended-sand loads (SSDLs) used in the analyses were obtained from preexisting USGS and USACE published or unpublished daily or annual loads, or were calculated specifically for this study using concentration and daily streamflow data. Sources of sediment load, sediment concentration, and streamflow data used in this study are provided by Heimann and others (2010) and Heimann and others (2011) . Annual SSL and SSDL values were computed for this study using the LOADEST program and technique (Runkel and others, 2004) . The S-LOADEST version of the program, written for the commercial statistical package TIBCO Spotfire S+ (TIBCO Software Inc., version 8.1), was used to compute load estimates as described by Heimann and others (2010) . LOADEST incorporates explanatory variables of streamflow (a linear or quadratic relation), time (a linear or quadratic relation), and season into one of nine predefined regression models.
The analysis of trends in annual loads (and corresponding annual flow-weighted concentrations) can be problematic when the loads are estimated from a single model. In such situations, the estimated loads are not independent from one another and are likely to be less variable over time than the actual loads. As a result, the probability of a Type I error (false positive) in the subsequent test for trend is inflated (the probability of detecting a trend is inflated). In this study, a moving-window approach was used in the estimation of the annual LOADEST sediment loads to address these two issues. The load model for a given year was developed using 3, 5, or 7 years (determined by data availability) of suspended-sediment or suspended-sand concentration data centered about the computation year. For example, assuming a 3-year window, the model for the load estimate for 1975 used calibration data from [1974] [1975] [1976] [1977] [1978] [1979] , and so forth. Only those load estimates derived from unique calibration data sets were used in the trend analyses. In this example, estimates from every third year (1975, 1978 , and so forth) were included. The calibration data set used in the computation of each of the annual loads included in statistical analyses was unique; no calibration data point was used in more than one window. As a result, the loads used in the trend analysis all were independent from one another. The use of unique models for each window also allowed the model coefficients to change over time, thereby incorporating variability in the relation between load and streamflow and season over time. As a result, the loads used in the trend analysis also were more variable over time than if they had been derived from a single model with fixed coefficients. The moving-window approach likely only partially addressed the variability issue; because the loads are modeled estimates, some of the variability present in actual loads may still be missing. Because data used in the computation of annual loads by the tabular day-by-day method (U.S. Army Corp of Engineers, 1976; Porterfield, 1977) and turbidity surrogate methods (Rasmussen and others, 2009) were from the year of computation, all annual loads computed using these methods were included in the statistical analyses.
To determine if trends in sediment loads could be affected by combining results from multiple sediment-load computation methods, annual loads within overlapping periods of published and calculated loads were compared. Computed (LOADEST) and published (day-by-day method) SSLs from seven stations with a total of 223 years of overlapping record were compared by station. When the same SSC data used in computing the published loads were used in the LOADEST computations, there were no statistically significant differences in the annual SSLs. The lack of significant difference was based on the Wilcoxon signed rank test (Helsel and Hirsch, 2002 ) using a significance level of 0.05. The probability 1949-51, 1959-62, 1964-65, 1969, 1971-2006 values of the comparison tests (0.07-1.0) exceeded the significance level of 0.05 indicating that the chances the differences between the distributions were not true were greater than the specified significance level. Therefore, the LOADEST moving window approach allowed for the use of independent, annual SSL estimates in determining trends in loads and produced annual loads that were statistically comparable to previously published values.
Trend Analyses
Temporal changes in streamflow and suspended-sediment loads and concentrations were assessed using statistical analyses of step trends (test to determine if median differences between data values for two time periods are significantly different than zero), statistical analyses of monotonic trends (test to determine if the average rate of change of the data for a specified time period is significantly different than zero), and qualitative presentations of temporal relations. Such analyses provide an indication of the magnitude and direction of changes in sediment transport characteristics and streamflows at specific stations that, when taken collectively, can explain net changes in transport on a basin scale.
Step Trends
Step-trend analyses were conducted on the annual SSL, flow-weighted (FW) SSC (the ratio of the annual sediment load and annual streamflow, expressed in milligrams per liter), and streamflow data to identify and evaluate the effects of the Trend analyses a construction of main-stem Missouri River impoundments and other land-use and channel modifications in the Missouri River Basin, on suspended-sediment transport characteristics at selected stations in the Missouri and lower Mississippi Rivers. A step-trend approach was selected because the impoundment completion dates were well defined (table 1) and spanned a relatively short time period. Similar step-trend analyses were not made with data for the remaining major subbasins of the Mississippi River Basin because the sediment-altering event was not well defined, available pre-event sediment data were limited, or the sediment-altering event predated the available sediment record entirely. The step trends in SSLs, FW SSCs, and streamflows were determined for the periods corresponding to pre-and post-Missouri River main-stem impoundment construction. The statistical comparison of the sediment and streamflow data for the pre-and post-impoundment periods was conducted using a Wilcoxon Rank Sum test at a significance level of 0.05. Whereas the Missouri River impoundments would directly affect only the Missouri and downstream Mississippi River main-stem stations, Missouri River tributary stations with available record also were included in the step-trend analyses to assess the occurrence and magnitude of secondary factors (for example, tributary impoundments or implementation of conservation practices) on sediment transport during the analysis periods.
Monotonic Trends and Qualitative Temporal Variations in Suspended-Sediment Loads, Concentrations, and Streamflow
Monotonic trends (increases or decreases without reversals) in SSL, FW SSC, and streamflow data were determined for selected stations and for three trend periods-1950 , 1976 , and 1998 -using the Mann-Kendall test (Mann, 1945 Kendall, 1975) at a significance level of 0.05 and Sen slope estimates (Sen, 1968) within the TIBCO Spotfire S+ (TIBCO Software Inc., version 8.1) statistical package. The computed Kendall rank correlation coefficients (Kendall's tau) range from 1 to -1 with a value of 1 indicating the ranking of the two variables are the same, a value of -1 indicating the rankings are the reverse of each other, and a value of 0 indicating the absence of association. Only stations with a minimum of seven annual load, concentration, and streamflow values spanning the trend period were used in the analyses.
Monotonic trends in SSDL, FW SSDC (the ratio of the annual sand load and annual streamflow, expressed in milligrams per liter), and SSDL percentage of SSL data were computed for three stations with available continuous sandfraction record including the Missouri River at Saint Joseph, at Kansas City, and at Hermann, Missouri. Trends were computed for two periods-1950-2004 and 1976-2004 -using the Mann-Kendall test and Sen slope estimates.
Qualitative temporal variations in annual SSL and SSDL and flow-adjusted (FA) SSC (the positive and negative residuals of SSC values, expressed in milligrams per liter, resulting from a linear regression model of observed streamflow and SSC pairs) and FA SSDC (the positive and negative residuals of SSDC, expressed in milligrams per liter, resulting from a linear regression model of observed streamflow and SSDC pairs) data also were assessed using locally estimated scatterplot smoothing (LOESS) curves (Cleveland and Devlin, 1988) . Qualitative temporal relations in FA concentrations were determined to evaluate the changes in SSC (for the 1950-2009, 1976-2009, and 1998-2009 periods) and SSDCs (for the 1950-2004 and 1976-2004 periods) resulting from effects other than changes in flow. These effects were determined by calculating the residuals of streamflow-sediment concentration regression models developed using the observed streamflow and concentration data for the entire trend-analysis period at a station. A LOESS curve then was fit to the positive and negative residuals of the models to qualitatively assess changes in the FA concentrations with time.
Suspended-Sediment Trends In The Mississippi River Basin
The relative sediment contributions from and within each major Mississippi River subbasin including the Missouri, Ohio, upper Mississippi and lower Mississippi River Basins were computed. The temporal trends and qualitative temporal relations in sediment characteristics and streamflow were then assessed at multiple selected stations and for multiple time periods.
Relative Sediment Contributions from Mississippi River Subbasins
During the period 1976 through 2009, of the four primary contributing subbasins to the lower Mississippi River, the Missouri River provided the greatest median suspended-sediment load (56.9 Mt/yr (million metric tons per year)) followed by the Ohio (32.5 Mt/yr), upper Mississippi (22.5 Mt/yr), and Arkansas Rivers (2.4 Mt/yr). The Missouri River provided the largest annual SSLs during 26 of the 34 years analyzed and the Ohio River transported the largest annual SSLs during the remaining 8 years ( fig. 2) . The large sediment contributions of the Missouri River to the lower Mississippi River have been well documented (Keown and others, 1981; Meade and Parker, 1985; Meade and others, 1990; Meade and Moody, 2010) and overall, sediment transport in the lower Mississippi River is most closely correlative with the contributions of suspended sediment from the Missouri River Basin.
Annual SSLs were computed for gaged tributary streams within the Missouri, Ohio, and upper Mississippi Basins to further determine major sediment-contributing sources within the subbasins. SSLs were computed for 12 primary Missouri River tributary stations for the period 1975-91. The Grand River near Sumner, Missouri had the largest median annual SSL (10.8 Mt) and the next largest sediment contributors were the Platte River at Louisville, Nebraska (9.6 Mt), and Yellowstone River at Sidney, Montana ( (9.0 Mt) (table 3) . The median load from these tributary rivers represented 14-16 percent of the 1975-91 median load of the Missouri River at Hermann, Missouri. Such comparisons are not meant to imply that all sediment transported from the tributary stations will pass the outlet station in a continuous manner because the sediment may be temporarily deposited or "trapped", in this case, in intervening navigation dams, and sediment likely is transported episodically between the stations.
Data from six gaged Ohio River tributary stations were analyzed for sediment load contributions during the record period of 1979-86. The Wabash River, with a median annual load of 11.5 Mt, provided the largest sediment contribution to the Ohio River (table 3). The Wabash River accounted for about 23 percent of the sediment load of the Ohio River at Grand Chain, Illinois, whereas the next largest contributors (Tennessee and Muskingum Rivers) each accounted for about 2 percent of the total Ohio River sediment load.
Analyses of records of sediment contributions from five, gaged, upper Mississippi River tributary stations for the 1978-93 period indicated that the Illinois River at Valley City, Illinois was the largest sediment contributor (table 3). The median annual sediment load of 5.9 Mt was about 22 percent of the upper Mississippi River Basin suspended-sediment load during the period. The Iowa River at Wapello, Iowa (2.9 Mt), and Skunk River at Augusta, Iowa (2.6 Mt), each accounted for more than 8 percent of the median annual SSL at the upper Mississippi River outlet station at Grafton, Illinois.
All four major subbasins contributing sediment to the lower Mississippi River have main-stem and tributary structures that retard sediment transport and increase the relative contributions of sediment from tributaries downstream from primary channel control structures. Of the 22 gaged major tributary basins included in the sediment contribution analyses, 15 were impounded by major structures on their main stems (table 3) .
The largest contributor of suspended sand to the lower Missouri River between 1981 and 1991 was estimated to be the main-stem reach from the Gavins Point Dam, South Dakota, to Sioux City, Iowa, followed by contributions from the Platte River in Nebraska ( District, unpub. data, 1950 District, unpub. data, -2006 .
Step Trends
Results of step-trend analyses to examine changes in annual SSLs, SSDLs, FW SSCs, FW SSDCs, and streamflows between the pre-and post-Missouri River main-stem impoundment periods indicated decreases in SSLs and SSCs at most stations. Significant (Wilcoxon Rank Sum test, p <0.001-0.042) decreases in SSLs were determined at all stations except one Missouri River main-stem station upstream from the impoundments and one Missouri River tributary station (table 5) . Differences in pre-and post-impoundment SSLs could not be explained simply by corresponding differences in flows as changes in flows between the two periods generally were not statistically different (table 5) .
The greatest difference in median SSLs between the two periods (-99.8 the pre-1953 and post-1967 periods at this station provides a median annual estimate of sediment trapped by the upstream reservoirs. This represents about 56 percent of the 224 Mt post-impoundment median annual "deficit" at Hermann, Missouri. The remaining 98 Mt, or 44 percent, of the Hermann load reduction can be attributed to other factors including reductions in sediment from tributaries. Although the stations on the Missouri River near Landusky, Montana, and the Yellowstone River near Sydney, Montana, are upstream from the impoundments, the post-impoundment values of SSL and SSC at the stations showed reductions from pre-impoundment values of about 50 percent. The most likely cause for the reduction in sediment transport in these tributaries/reaches is trapping of sediment by impoundments as there is little (<8 percent) cropland agriculture in these basins (Zelt and others, 1999 ; U.S. Department of Agriculture, 2009). Similarly, the SSL values for the Kansas River at Desoto, Kansas, showed an 89 percent reduction in SSLs between the two periods as (table 5) , although the decline in sand loads (-55 percent) and FW SSDCs (-55 percent) were not as great as the decline in SSLs (-73 percent) and FW SSCs (-65 percent). Declines in postimpoundment sand loads and concentration also were less than corresponding declines in total loads and concentrations at the Missouri River at Saint Joseph, Kansas City, and Hermann.
Corresponding differences in pre-and post-impoundment distributions of FW SSCs were significant at most stations, whereas differences in the distributions of streamflow were not significant at most stations (table 5) . Decreases in median values of FW SSCs ranged from 29 to more than 99 percent, with the largest decline again at the Missouri River at the Yankton, South Dakota station. Changes in annual streamflows during these periods were significant at only 4 of the 15 stations listed in table 5.
Monotonic Trends and Qualitative Temporal Relations
Monotonic trends and qualitative temporal relations were determined for suspended-sediment and streamflow data for the last 60 years of available record (1950-2009), 34 years (1976-2009) and 12 years (1998-2009) . Similarly, monotonic trends and qualitative temporal relations for suspended-sand concentrations and loads were determined for the last 55 years of available record and 29 years .
Suspended Sediment 1950-2009
By 1950, some channel modifications or navigation structures already were in place, or in progress, in all major subbasins of the Mississippi River Basin, but most of the mainstem Missouri River impoundments and Arkansas River Basin navigation structures and reservoirs had yet to be constructed. Also, land-conservation practices were in place because of the passage of the Soil Conservation Act of 1935 (Steiner, 1987) . The 1950s and 1960s were a channel-modification period in the Missouri, Arkansas, and lower Mississippi Rivers. fig. 3A, 3B,  table 6 ). Downward trends in SSLs were significant at all stations within the Missouri and lower Mississippi River subbasins but not at the representative stations within the upper Mississippi, Ohio, or Arkansas River subbasins. Cumulative reductions in sediment transport in the Missouri and lower Mississippi Rivers resulted in an overall reduction of about -1.3 percent/yr at the Mississippi River at Tarbert Landing, Mississippi, and -1.8 percent/yr at the Atchafalaya River at Simmesport, Louisiana, over the 60-year period. Downward trends in FW SSCs were significant at all but one upper Missouri River station ( fig. 3B, table 6 ). Median slopes in streamflow temporal changes generally were upward, with significant trends in streamflow detected at about one-half of the stations ( fig. 3C, table 6 ).
Decreasing SSLs, despite concurrent increases in streamflow indicate, at most stations, that sediment declines can be explained by a decline in source material. Abrupt declines in suspended sediment in the Missouri River as a result of impoundments on the upper Missouri River have been well documented (Keown and others, 1981; Meade and others, 1990; Meade 1995; Jacobson and others, 2009; National Resource Council, 2011) as has the resulting effects of these reduced contributions at downstream Mississippi River stations (Keown and others, 1986; Kesel, 1988; Mossa, 1996) . Kesel (1988) notes estimated declines in SSLs in the lower Mississippi River between 1850 and 1952 of about 25 percent; therefore, pre-dam SSLs likely represent declines from earlier transport conditions but are still greater than presettlement conditions (Knox, 1977) . Even the earliest pre-impoundment record used in the trend analyses made here was collected following the closing of the Fort Peck Dam in 1937 and following early channel modifications on the Missouri, Ohio, upper Mississippi and lower Mississippi Rivers. Temporal variations in annual SSLs indicated that the Missouri River impoundments accounted for the most abrupt declines during the 1950-2009 period, and the effects of reduced contributions from the Arkansas River in the mid-1960s also are evident in SSLs at the Mississippi River at Tarbert Landing, Mississippi. The steady declines in SSLs at lower Mississippi River stations that followed the 1953 declines from the Missouri River and mid-1960s declines from the Arkansas River are not as easily explained. Other factors that have been cited as contributing to the reduction of SSLs in the Mississippi River Basin, in addition to the closing of Missouri main-stem impoundments, include the decreases in sediment contributions from the Missouri River tributaries (Meade and Moody, 2010) , depletion of stored sediments in the system (Knox, 1977 (Knox, , 1987 Trimble, 1983; Beach, 1994; Meade and Moody, 2010) , and implementation of conservation measures throughout the Mississippi River Basin (Knox, 1977; ! - fig. 4) . Plots of FA SSCs show downward changes in the fitted LOESS curves for each Missouri River station indicating deviations from the overall streamflow-SSC relation. At 1951, 1952, 1973, 1993, and 1995 fig. 3) . The corresponding temporal changes in SSDL percentage of SSLs showed increases in the portion of total loads comprised of sand between 1950 and about 1978 at all three Missouri River stations, followed by a decline in the portion of total loads comprised of sand from 1978 through 2004 ( fig. 5 ). Similar temporal changes were not evident at the Tarbert Landing, Mississippi, or Simmesport, Louisiana, stations. In addition to being the largest contributor of total suspended sediment to the Mississippi River, the Missouri River also is likely the largest contributor of suspended sand to the Mississippi River. The stations at Saint Joseph and Kansas City, Missouri, receive the majority of sand from the upstream main-stem channel of the Missouri and from the Platte River in Nebraska. The lack of a discernable trend in SSDLs at Hermann, Missouri, could be a consequence of the longitudinal distance from this primary source and the moderating effects in sediment transport over a great distance. Another possible moderating effect could be the substantial contributions of sand from major, and relatively unaltered, tributaries between Kansas City and Hermann (Grand and Chariton Rivers, Missouri).
An increase in SSDL percentage of SSLs from 1950 through about 1980 at the three Missouri River stations coincided with a period of declining SSLs and SSDLs ( fig. 3, fig. 5 ) and indicated the silt and clay fractions of total load declined more than the sand fraction during this period. Further evidence of the larger declines in silt and clay fraction is indicated in the larger declines in SSLs and SSCs than SSDLs and SSDCs at several Missouri and Mississippi River stations (table 5), in the post-impoundment period. A larger decline in silt and clay fractions of sediment transport in the system could possibly reflect the effects of conservation practices in the basin that would target topsoil containing more silt and clay than sand. The reversal of this trend from 1980-2004 could be explained by the increased downward change in sand transport at these stations that began about 1980 ( fig. 5 ), but the direct cause is unclear. The source of the change in the trend originates upstream from the Saint Joseph station and does not seem to be the result of a change in the streamflow-SSDC transport relation. The larger relative decline in SSDLs may simply be the result of a low-flow period in the sand-supply reach, downstream from Gavins Point Dam, as the Sioux City station showed significant downward trends in streamflow during the 1976-2009 period (table 8) .
FA SSDCs at the Missouri River at Saint Joseph, Kansas City, and Hermann, Missouri for the 1950-2004 period showed subtle but apparent slope changes in LOESS fitted curves around 1956-58 and again around 1963-70 depending on the station (fig. 6 ). These slope changes, therefore, table 8 ). Eight stations, at least one within each major subbasin, showed upward changes in SSLs although none were significant (p= 0.102-0.940). Downward changes in FW SSCs were significant at 13 stations including stations in each of the major subbasins except the Arkansas River Basin (fig. 7, table  8 ). Two stations, the Missouri River near Landusky, Montana and Sioux City, Iowa, showed significant downward trends in streamflow during the 34-year analysis period ( fig. 7, table 8) .
During 1976-2009, most stations had stready declines in sediment loads including stations within the upper Mississippi, Missouri, Ohio, and lower Mississippi River subbasins ( fig. 7) . Exceptions included the Wabash River at New Harmony, Indiana, which showed variable SSLs ending with an increase, and the Iowa River at Wapello, Iowa, which also ended the period with increasing SSLs.
Although (table 9) . Of the five stations with downward changes in SSDLs during this time period, two (Missouri River at Saint Joseph and Kansas City, Missouri) had significant downward trends. The remaining two stations (Mississippi River at Tarbert Landing, Mississippi, and Atchafalaya River at Simmesport, Louisiana) had upward, but not statistically significant, changes in SSDLs and SSDCs (table 9) . Downward monotonic trends in FW SSDCs and the SSDL percentage of SSLs were significant at all three Missouri River main-stem stations (table 9) There were downward changes in FA SSDCs at four of five Missouri River Basin stations during 1976-2004 (fig. 6 ), whereas FA SSDCs at the remaining station were relatively unchanged. The FA SSDCs at the Missouri River at Saint Joseph, Kansas City, and Hermann, Missouri ( fig. 6 ), showed small but steady declines during 1976-2004. There was, however, a period of primarily negative FA SSDCs, that is, lower measured concentrations for a particular flow than would be expected from an overall streamflow-SSC relation, at the Missouri River at Kansas City and Hermann, Missouri, between 1993 and 1996 (fig. 6 ). The declines in FA SSDCs were short term and were not expressed in the fitted LOESS curve. The subtle decline in FA SSDCs at the Platte River at Louisville, Nebraska, station may be the result of high flows in 1987, 1993, and 1995 , but the apparent effects in the SSDCstreamflow relation were temporary. There was a subtle "dip" in FA SSDCs between 1988 and 1997 at the Platte River at Louisville, Nebraska, station but no apparent changes in the FA SSDCs at the Yellowstone River at Sidney, Montana. 
Suspended Sediment 1998-2009
Analyses of monotonic trends in SSLs, FW SSCs, and streamflows over a recent (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) ) post-channel modification period in the subbasins indicate that slopes of these constituents were generally downward but few temporal changes were significant ( fig. 9, table 10) . A significant downward trend in SSLs was indicated for the Missouri River at Sioux City, Iowa, but temporal changes in SSLs were not significant at any of the remaining 17 stations. The downward trends in FW SSCs were significant during the 12-year period only at the Skunk River at Augusta, Iowa, in the upper Mississippi River Basin and the Old River Outflow station in Louisiana. Significant downward trends in streamflow were determined for two Missouri River stations including the Missouri River at Sioux City, Iowa, and at Omaha, Nebraska. The downward temporal changes in streamflow could account for the SSL declines as temporal relations in FA SSCs at most stations did not show substantial corresponding changes in the sediment transport relations ( fig. 10 ). Exceptions included a decline in the sediment concentration for a given flow at the Atchafalaya River at Simmesport, Louisiana, indicating an adjustment to limitations in sediment supply, and an increase in the sediment concentration for a given flow at the Missouri River at Saint Joseph, Missouri, station during an apparent sediment supply recovery period following the 1993 and 1995 floods.
Summary
Of the four primary contributing subbasins to the lower Mississippi River, the Missouri River provided the greatest median suspended-sediment load followed by the Ohio River, upper Mississippi, and Arkansas Rivers during the 1976-2009 analysis period. The Missouri River provided the largest annual suspended-sediment loads during 26 of the 34 years analyzed, and the Ohio River transported the largest annual loads during the remaining 8 years. Overall, sediment transport in the lower Mississippi River is most closely correlative with the contributions of suspended sediment from the Missouri River Basin.
Annual suspended-sediment loads were computed for gaged tributary streams within the Missouri, Ohio, and upper Mississippi Basins to further determine major sediment-contributing sources within the subbasins. The Grand River near Sumner, Missouri and the Platte River at Louisville, Nebraska had the largest median annual loads within the Missouri River Basin. The Wabash River provided the largest sediment contribution to the Ohio River, whereas the Illinois River was the largest sediment contributor to the upper Mississippi River.
The largest contributor of suspended sand to the lower Missouri River between 1981 and 1991 was estimated to be sand from the main-stem reach between Gavins Point Dam, South Dakota, and Sioux City, Iowa, followed by contributions from the Platte River in Nebraska. If additional potential diversions that substantially reduce flows take place in the Platte River there likely will be a substantial reduction in sand loads from this primary tributary.
Results of step-trend analyses to examine changes in annual loads, concentrations, and streamflows between the The sediment transport regimes of all five major subbasins within the Mississippi River Basin have been affected by channel modifications, navigation structures, and main-stem or tributary impoundments. Changes in suspended-sediment and suspended-sand loads and concentrations generally were downward for the 60-, 34-, and 12-year periods analyzed in this study. The downward trend in sediment loads began before the construction of main-stem impoundments on the Missouri River, but the abrupt and extensive decline in sediment transport following the closure of Fort Randall Dam in 1952 was the single largest event accelerating the decline in sediment from the Mississippi River Basin. The downward trend in sediment transport at Missouri River and downstream Mississippi River stations has continued since the completion of the Missouri River main-stem impoundments.
The results of 1950-2009 trend analyses indicate that declines in suspended-sediment loads and flow-weighted concentrations were widespread throughout the Missouri and lower Mississippi River Basin stations. A decrease in flowadjusted suspended-sediment concentrations at Missouri and Arkansas River stations in the 1960s and 1970s indicated that less suspended material was being transported for a given flow condition and likely correspond to adjustments in the sediment conveyance system in these rivers from a transport-limited system to a supply-limited system following the construction of impoundments.
There were larger declines in suspended-sediment loads and concentrations than sand loads and concentrations in the post-impoundment period at several stations in the Missouri River Basin and the most downstream station on the Mississippi River. A larger decline in silt and clay fractions of sediment transport in the system could possibly reflect the effects of conservation practices in the basin that would target topsoil containing more silt and clay than sand. The majority of Mississippi River Basin stations also showed downward but nonsignificant temporal changes in suspended-sediment loads, concentrations, and streamflows during the post-channel modification analysis period of 1998-2009. The downward temporal changes in streamflows during the analysis period likely account for most of the declines in loads and concentrations.
